











Wind Profiler

The wind profiler has helped to revolutionize our ability to improve severe weath-
er forecasts including tornadoes. If you want to understand where tornadoes may
form, you need to have a good forecast for the upper level winds - upstream from the
forecast area. This takes a good computer model of the atmosphere, but it also takes
actual accurate real-time measurements of the winds to help constrain the forecast
model. The wind profiler was an invention of labs within the Earth System Research
Laboratory in order to improve our knowledge of the upper-level winds. The bulk of
the wind profilers are located now throughout the mid-section of the U.S. where most
of the Nation’s tornadic weather occurs and are operational through the NOAA Pro-
filer Network for the National Weather Service, aiding in weather forecasting.

The discovery that radar could determine wind speed and directions patterns in the
upper atmosphere was by accident, as many good scientific inventions are. Scientists
were using this radar to study the ionosphere by bouncing a radio wave off the iono-
sphere and each time they would get a noise in the signal. They finally decided to fig-
ure out what was causing the noise. We now operate these radars because the noise
they discovered was a piece of very valuable information, the actual reflection of the
turbulence of the wind patterns above.

The profiler technology works by bouncing radio waves off of turbulence in the at-
mosphere. It is possible to see the result of atmospheric turbulence with the naked
eye. For example, when you see a heat wave shimmering over a road surface; that is
turbulence caused by warm air rising up from the hot pavement surface interacting
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with cooler air not in contact with the pavement. Another example is the appearance
of twinkling stars, which results from the turbulent atmosphere that exists between
you and the star above your head.

The radar is able to measure the winds because the turbulence that the radar detects
is carried by the wind. The radar beam consists of a series of pulses. The time it takes
for a pulse to bounce off of turbulence in the atmosphere and return to the radar de-
termines how far the pulse traveled. The returns from thousands of pulses are aver-
aged together. This is necessary because the return power is only a very small fraction
of the power that was sent out in the pulse.

Because the frequency of the return signals is Doppler shifted by the speed at which
the turbulence is carried by the wind along the direction of the radar beam, the radar
can detect whether the air was moving toward or away from the radar antenna. The
same type of Doppler shift is heard when you hear a train passing and the sound goes
from higher to lower frequency. This apparent shift in tone of the train whistle isn’t
because the whistle has changed its transmitted frequency, but because in one case
the sound waves are being transmitted from a platform moving toward your ear and
in the other case the sound waves are being transmitted from a platform moving away
from your ear, thus imparting the Doppler shift.

In order to get a 3-dimensional measurement of the wind, the wind profiler sends
a beam out in three directions and collects up/down, north/south, and east/west
components of the wind. A computer collects these measurements, rotates them with
geometric equations, and produces profiles of both wind speed and direction. These
profiles are displayed on the Internet for end users and are often color-coded by wind
speed.

A wind measurement at a particular altitude is often displayed as a flag, with the pole
of the flag pointing in the direction that the wind is coming from. The number of barbs
or triangles displayed on the flag determines the wind speed.

The profiler network in the central U.S. has been in operation for about 15 years and
has had successes in saving lives, especially on May 3rd, 1999, when Oklahoma City
had a tremendous outbreak of tornadoes. It was possible to forecast the atmospheric
conditions conducive to tornado formation in advance because earlier that day, the
wind profiler at Tucumcari, New Mexico, had detected an unusual anomaly in the jet
stream.

The National Weather Service forecast models predicted an extremely convective re-
gion in Texas that would be pointing right at Oklahoma City. The local forecasters
then advised everyone during the morning commute to pay very close to their radios
that afternoon. The convective cell that eventually produced a tornado moved into the
southern suburbs of Oklahoma City that afternoon and the local forecast office put
out a 30-minute lead time for a tornado warning, which was enough time for the TV
stations to get their helicopters in place to actually see the funnel cloud touch down.
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Entire subdivisions of southern Oklahoma City were evacuated. What they could not
forecast was how strong the tornado would be, and it turned out to be an F-5 tornado,
one of the worst kinds, capable of producing a devastating loss of life and property.
There were 40 or 50 tornadoes as part of that outbreak, and because of the profiler
network, we estimate that NOAA saved about 400 lives that day.
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Nighttime Lights

IR

The Nighttime Lights products of the Earth Observation Group (EOG) within the So-
lar-Terrestrial Physics (STP) Division of the National Geophysical Data Center (NGDC)
represent the epitome of data reuse. The original data come from the Air Force’s De-
fense Meteorological Satellite Program (DMSP), a series of polar-orbiting satellites in-
tended to collect weather data for the Department of Defense. The EOG has used that
data, sent to them by the Air Force Weather Agency (AFWA) for archiving, to build an
ongoing data base of stable and ephemeral light sources, from which they continue to
derive an amazing array of products - from the nighttime lights posters to a study for
the World Bank, quantifying for the first time the amount of global gas flaring.

The DMSP has been collecting data since 1972, data which was initially collected on
film and upon being declassified after 72 hours, ended up being archived at the Fed-
eral Records Center. NGDC began to speculate on the potential usefulness of the data
for purposes beyond its original targeted role, and when the Air Force transitioned to
digital data, which would be destined for the bit bucket upon declassification, NGDC
stepped in and requested that they provide an archive for the data.

That archiving began in 1992 and continues to the present, with a current flux of data
of the order of 8.5 Gigabytes (GB) per day. These data are analyzed for patterns of
light that both match and contrast with previous establish patterns. This provides a
continual pattern of changing lights, analyzed for stability and classification.

The original intent was to generate a mask of stable light that was present consis-
tently from night to night in order to detect the ephemeral lights, lights that appeared
and disappeared, which might be fires. However, when the mask was generated, the
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pattern of stable nighttime lights was stunning and made for a delightful graphic pre-
sentation, which has now graced a number of media and posters.

However, among the stable lights were some peculiar anomalies to what was expect-
ed: lights at sea, in the midst of the Sahara desert, or off in Siberia. These were even-
tually sorted out to be fishermen, using intensely bright lights to attract fish or squid
into nets and gas flaring from petroleum production areas, both onshore and offshore.
Additionally the analysts were able to detect fires as anticipated in the original intent
of the project.

Additionally, with the appropriate calibrations, the nighttime lights proved to be an
effective proxy for population, energy consumption, carbon production, economic
vigor, etc. By building a time-series database of lighting patterns, change analysis can
be applied to look at socio-economic and environmental change, trends and disrup-
tions. To expand on this latter aspect of change analysis, the EOG is now going back
and digitizing the old film archives of DMSP data to extend the digital record back in
time to establish a longer baseline for change analysis.

With this data we have been able to quantify, for the first time, the total, global amount
of gas flaring at over 150 billion cubic meters per year, worth US $60 billion in today’s
prices, and sending 400 million tons of carbon dioxide directly into the atmosphere.
In another interesting twist on using the data, if we know where the lights are normal-
ly on, we can detect where the lights have gone out. Now we can detect widespread
power outages, as seen on the left with analysis products for the passage of Hurricane
Katrina across the Gulf Coast.

These data have been enhanced by the Air Force, allowing us to vary the gain on the
instruments to permit the capture of calibrated radiance, not just the presence or
absence of light. There was, however, one city in the entire world that still saturated
the instrument, despite the gain being at its lowest setting. It was not Paris, The City
of Lights, nor London or New York. Viva Las Vegas!

So what was originally data for weather analysis and prediction, good for three days,
has become a source of information about socioeconomic trends, fishing, fires, gas
flaring and power outages as an aid to emergency response. All this information com-
ing from what was once regarded as digital discards. But one man'’s garbage is an-
other man’s gold.
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